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ABSTRACT 

This study vas designed to assess the effects of 
teaching the concept of interior voluae r and aethods of coaputing 
this voluae r on the ability of fith*grade students to conserve 
voluae. Conservation of voluae vas aeasured by an instruaent 
developed by Lovell and Ogilvie. Instruction vas in a aode coapatible 
vith the aajority of eleaentary textboolcs. Fiftyeight fifth^grade 
students vere paired on the beusis of age, sex, and responses to 
pretest questions. One aeaber of each pair vas randoaly assigned to 
instruction on voluae; the other received an equivalent aaount of 
instruction on an unrelated topic. After instruction a posttest vas 
adainistered; one aonth later a retention test vas given. Results of 
the experiaent indicated that instruction on voluae did not affect 
conservation by those students vho gave non^conservation responses on 
the pretest; 50 percent of these students could reproduce the voluae 
foraula on the posttest, but less than half of these shoved 
retention. Students vho vere able to conserve voluae vere all able to 
calculate voluaes on the posttest, but only one^third of thea 
retained this ability. (SD) 
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MB SPFBCT OF TBACHTm tHB VDLIMB FOBMIHA FOR A RBCTAIKHILAR SOLID (▼ • 1 x ¥ x h) 
OH KB LB7BL OF COBKBSITIOH OP VOLWB OF FIFIH (HIADE SIJBJKTS 

A sigxilflcact mDBber of tlXmiecAMSf echool aathasatics textbooks present 
tke Toltoae f oraule for a rectax«ular eolia at the fifth grade lerel, Piaget et 
al. (I960) saj that eoBj^bension of '<>be roluae formula is attained hy ooet 
children at the ead cf a eoaplex proeeie of struggling vith the concept of 
craservatioo of volxaie, ^ch is a derelopMOtal phenonenon occurring ia the 
folloeing stageit (1) cooserratioo of interior Tolme, (2) ccaaserratioa 
occupiod Tolme, (3) coosezration of displaoeaent yoluHe, (U) aatheaatical 
■oLtiplioatioc as it relates to the aeastore of Tol«e. Accoztling to Piaget, 
consenration of Tolune is a verj difficult notion which cannot be faL3x 
understood tmtil a child reaches the fomal operational stage in intellectual 
developnevxt. , For most children this would coBse scvetlM after eleMntaxy 
school is completed (!>iaget et al., I960). Thus, one iwplication o^ xhis theory 
is that it would not be profitable to try to teach the Toliaie fonrala, at the 
Tery least, until the subject has acquired conserration of interior Tolune and 
probably not Tiatil he is ixnrolred with resolriag conflicts concerned with 
occupied Tolwe. 

Piaget*s theozy is based in large pairt on the preaise that the stages of 
derelopnent occiir in the order he sets down and within approxiaate age guidelines. 
Lanser, ELkind, Lorell and OgilTie in papers pobHshed ia the early 1960»s found 
results that were in basic agreeaent with Fiaget. On the other hand^, Flavell, 
Finard and Laurendeau, and Usgiris published articles which challenged Fiaget* s 
wethcd of testi]« for conservation aad coosequecUy, his age guidelines. They 
concluded that conserratiott could perhaps be achiered at «n earlier age. 
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While a number of Tariablee have been ezanined for poeeible relationship 
to ToLaie coneemttion^ there has been alnoat no reeearoh on the effect teaching 
has on a etodant^e abilitgr to oonaerre Tolvjme. Lorell and OgilrLe (1961) 
conjectured that teaching the rolune formula might help a child to achiere 
coneerration of rolume^ and this poeition mae later reiterated Lorell 
In 1971« Thua^ the purpoee of this research vas to explore vhether teaching the 
Tolume f oxmula for a rectangular solid at the fifth grade lerel has an 
effect on the derelopaient of the concept of conserration of rolume as described 
Piaget et al. (I960). 

Subjects 

Iteo arerage abLli^ £Lfth grade closes at ?aUic School 156 in Jamaica, 
Queens^ Kev York Gitj participated in this 5tud|j-« For the 53 tubjecis inrolTsd 
the arerage age mas 10 jears 10^5 mcnths idth a standard derlation of 3«6 
months. There vere no I A. scores available but^ according to class perfomime, 
teachers rated sub^ts trm arerage to s^ightljr dKrre a'^rerege in abillt^^ 

Procedures and Methods 

Lorell and OgilrLe (1961) derised a of questions^ based on Haget^s 
vork, i^ch mere used to determine the lerel at which a subject is conserving . 
Toliaie. The experimenter used these questions to indirldually pmtest subjects 
to determine their lerel of conserration of Tolua^. Subjects were then paired 

by level of conserration, '^fpe of aniifers, age, and .s« and tbtn randomly assigned 

' ' «" > 

tfi^ either the control or the experimental group. Ihe^ experimental group mas 

taui^t tha concept of volume 'and the volume formula in a method ccmqMitible 

mitii a majoxltgr of elementazx school mathematics tcztbooloi. The control group 

vss ta«|^ an eqoivmlent 2Miber of lessons in an unrelated topic. At the end 

of the lessons^ subjects in the control and exper iment il giEfotqps mere again 

individually tested^ using Lovell and Ogilrie^s teichniquev to detezmine their 
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lerel of conaercttion of toIum. At thia tiiae all aub;)6i.1>a were alao aakad 
if thar could find a ntmfcrical value for the rolune. Approxijaateay one Booth 
later, all aubjecta were teated for retention of leral of conaervation of roluma 
and abiHtgr to uae the toImw formula/ Reapooaea for the pre, poat, and ratanUon 
teata were taped and interpreted afterwarda. 

Method of Analyaia of Data 

The data was azsalysed in three aeperate waya. In the firat analyaia, 
each Batched pair waa dSacuaawi. The changes in the experiaaaUl 9ubject»8 
reaponaea were coBpared to thoae of his Batched partner in the control group. 
The second analyaia consiated of a coaparison of the control group* a and 
axperiaental group's responses to <;ach of the queationa uaed to detendne lewl 
of conaerration of roluae. The third aethod of analysis consisted of the 
testing of the hypotheses listed balow. Ih^ were teated uaing 2x2 chi-square 
designs. 

hypotheses 
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Hotl } There is no statistically significant ralvtiLonship betwean tt>arh1ii 
t^ Toltne f onrolB for a ractangul*r aolid to fifth grade aubjecta and the sub- 
ject's abilily to ccQMnra toIubs aa Beesored by nodiiled Plagotian taaks (pra-post). 

Eoti t Thara ia no atatiaUcally aignlflcant ralationahip ^atween teaching 
the TolTBie formOa for a rectangular aoUd to fifth, grade 8ub,iect8 and the aub- 
Jeot»8 ability to conaerre Toluoe as neasured by aodified Piagetian tasks (pre- 
retention) . 

Hot3 t There is no statistically significart relationship between a subject's 
understanding of logical Bultiplic*tioc aa aeastired by type of reaponaa tfid a 
aubjeot's abililgr to uae 4^ volvaoe fonsula after an appropriate learning experience. 

Ho:U : For those aubjecta who could uae the' forsiula in the posttest, there 
is no statistically aignlficant relationship bstaeen his understanding of Igg- 
^ £«»l «atiplicaUon as Baasored type of rosponaa and hia retantion n^aha f otbuU. 
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Folloidng thfti pretMt> eight pdrs of subjects vera identified vho give 
noaco^iusemition responses to ell questions^ fourteen pairs of subjects who 
Here on the threshold of conserving interior rolune^ one pair of subjects 
Hho geve ^no clear** responses to questLmi concerning coxuierration of interior 
Yoltine^ and six pairs of subjects vho consexred interior toIum. Each pair 
of subjects represents a aanber of the espexlsental group and a Mtched mwber 
of the control group. 

The leamisc experience seosed to hare no sajor effect on the abilitgr 
to conserve rolme of the students vho did not conserve rolvmm at angr level 
during the pretest. According to FLagety these students had not acquired the 
necessary p rere qui site structures for the concepi of the measure of voluse and 
therefore vould not be able to grasp it. The rosults are in agreesient vith 
FLaget^s theoxy. This is further illustrated in their lack of abiUtgr to 
learn and or retain the volune f omula. Only 50% of the students retained the 
idea of Measure of volwe as the nusber of unit cubes and only 50% learned thf 
formula and only one-|Mfclf of idiem retained it. 

For those students that were grappling vith conservation of interior 
voluiM during tlM pretest^ 50% learned and retained the notion of the Measure 
of volwe as the ntaA>er of unit cubes, yet only 1h% retained the volune formula. 
It seons likely that Piaget is correct in his iaplication ihat the f oncula 
would not be understood by most students until at least th^y are concerned idth 
the problflRS of occupied and displao«nent voluse. 

For those students itho could conserve interior volisDe in the pretest^ 
100^ learned and retained the notion of seasuring volurc by counting unit cubes. 
This concept seens to be acre closely related touthe understanding of conserve* 
tion of interior volune* The leamii^ experience did not significantly affect 
the students* abili^ to conserve occtqxled or displacsMnt volune. . Athsr^ it 
ERXC likely that the Mdllty to conserve Interior voli»e gave then the js^aary 

strectisreti to aeadidlits the concept of the neasure of volune as the nunber of 



unit cubes* IMs did not^ hofMnmr^ prepare thw for retention of the Tolune 
f onrale. Although 100^ of the students in this croup ocold tise the f onmls 
in the posttost^ oalgr cne^thlrd retained It. This differs only slightly fron 
the other groups* 

At the start of the experlnwtal period^ 76% of the ezperlBental and 76% 
of the control group could not conserve toIum at angr leTsl. During the 
posttesty of the eacperivental group^ as ccnpered to 69% of the control 
groi^i could not conserve toIum at asgr level. For the retention test the 
control grocqp reuined at the sa»e levels vhereas the experlwntal group 
imit dosp to US% vfao could not conserve toIum at asgr Isirel. It eeens likely 
that the learning experience helped a few subjects to focus on the problem 
of conservati<m of voluBe and resolve it at som level. 

!l!here vere no significant changes in terns of conservation of occupied 
or displacement Tolune. It reens likely that the learning experience had no 
affect on subjects* abiU'ty to conserve occupied or dlspLacenent voluae 

Looking at the chi<-square for all the students , there is no statistically 
significant relationship betveen being tuagfat the Tolwe f omula and their 
afalllty to conserve voIidm, in either the pre-*i>oet or pre-»retention test 
situation. The pre^^reteotion test chi-square wis done to check on the possible 
statistical significance the leaxidng experience night have over a longer period 
of tine. Som students shoved no change between the pre and post tests but 
did change in the retention test in WQrs that seeded to be related to the 
learning eiqmrience. For example^ ,the countii^ of cubes to check on coaservatltn 
of interior voIum sas done by sons stVidwts in the retention test* For 
sons studontOy the classroom experience seened to focus their attention on the 
discrepencies involved but it took thm a little tlaie to reeolve them. 

It WM noted that those students sho retained the vplune f omOa also 
sbowK) lOxlli-t^ to QM logical matipllcftti^ whieh involTet oaap9<tmtML<m of 

differences in the dlMmsions of the thii object.^. i;he %hild</Mtos into account 
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the bo«aiJ«rie« of th» »ttrf«c» ]>ut not in « rtriotly Metrical or BuclidMn sense. 
fblB lead to the idea that tbare, sight be a statistically significant relatirn- 
ship between girLng answers related to logical anatiplicatioa and learning 
the volwe forwila. Althoai^ the saaple siae was wy saall, it seenu iapor- 
tant that the ohi-^nare nas significant at the .0$ level. Also there were 

't 

no students irtio gvre answers related to logical soltiplication and who didn*t 
learn the TolyM fonralA for the posttest. This learning aay have been 
partially rote or not folly digested as evidenced by the fact that for those 
students in the experimntal group who leaned the Toluae f onmla there was 
no statisUcally aignificant relationship betMeen giving logical iraltiplication 
type respcBses and the Ability to retain the Toltne fonrala. It seem that 
having soM knowledge of logical mltiplicaticm aaue the initial learning of 
the f onmla easier bat it was only a superficial type of leeming &s enrideacea 
by the low retention rate. 
Saaaay 

Overall, the leamisv experience seeas to have been wost helpful for 
those students who were at the threshold of conserving interior voluae. Baring 
the posttest k3% of these subjects conserved interior voltae ooopletely and 
of these Qy% retained full conservation of interior roluite in t*.e retention 
test. The learning experience had no signifioant effest on their ability 
to conserve occupied or displacea«cit Toluse and only lJ(^ of this group 
retained the toIuks fonrala. For those who already conaez^ interior Toltane, 
the learning experience seemd to have little or no effect on their level 
of conservation of voluae. It nemB necessaxy to conclude that ^s type 
of le«mi»« experience at this grade level, was not significantly Taluabla 
for a najorily of subjects who partioipated Ic this experineot. For a 
sajori^ of subjects, it did not raise their level of conservation of t'olone. 

Althou^ it was a liaited eocperiaent done on a ssall scale, it does 
give sons indication that teaching of geottetric< foiwnXas the the elenentazy 




school hM to be Mriootfly ttuditd to om vhare such f onmlAs voisld be 
iiott profitiblsr plMtd in tAui onrrictdtaB. 
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